A. B, ALDRIDGB
The following table shows the prevalence of enteric fever among British troops in all stations in India with an average strength of over 1,000. Of these 24 stations the 13 having the highest admission rates are geographically very distinctly separated from those having low rates ; all being situated in, or closely bordering on the dry, dusty, alluvial plain of Upper India. The climate of this tract is for a great part of the year excessively dry and dusty. On the other hand, of the 11 stations having a relatively low rate four are situated on or near the coast, with a damp climate throughout the year; while the remainder are situated on rocky soils of volcanic origin and are relatively free from dust.
Further, in the first group the season of greatest prevalence is during April and May, the driest and dustiest months of the year.
The following table shows the total number of cases in these 13 stations during the period 1891-1900. 
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In the other group there is an exacerbation during the rainy season, in August, which in some cases is greater than that in the spring, as the following 
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No peculiarity of water-supplies will account for these differences, for well and pipe supplies are to be found in both groups. As regards sewage disposal, the dry earth system of latrines is in force in all; and with only one or two exceptions a trench system (either shallow or deep) of disposal.
All places in capitals have an admission rate over 28 per 1000. All places in italics have an admission rate under 26 per 1000.
The latrines and urinals are not provided with impervious floors, and all spillage, which,-from their construction-in the case of urinals is frequent, soaks into what is in most stations a dry, powdery earth.
It is a matter of common observation that water stored in such dry, dusty places will in a very short time be covered with a scum of dust, even though the receptacle be covered.
The same must happen with food and utensils: while the habit of Indian cooks of " cleaning" metal vessels,-in spite of all protests-with earth, may also be a means of this dust reaching water and food. That some of this dust comes from the floors of the latrines and urinals, scattered as they are all over barracks, often at no great distance from cook-houses and stored water, can hardly be doubted. Similarly in many stations the trenching grounds are sufficiently close to barracks for the sandy soil of which they are composed to be easily carried by the wind, and particularly by dust-storms, which are of frequent occurrence in many of these stations during the dry season.
Recent researches tend to show that the vitality of B. typhosus in water and soil is not great; in fact, as Horton-Smith 1 has pointed out there is so far no proof that the bacillus can multiply outside the human body. Such an assumption is, however, not necessary to account for its frequent presence in polluted soils, for it has been fully established that persons recovered from an attack of the disease may for months and years continue to disseminate the bacillus in the faeces, and more particularly the urine.
These researches seem to indicate that when enteric fever is almost continuously present there must be repeated infections from fresh evacuations, which can be explained in the way suggested; but such can hardly be conceived in the case of well-protected pipe supplies. Numerous instances could be cited in support of this view.
Two epidemics in Cherat 2 , one of which was investigated by the writer, showed a marked tendency for the cases to occur in groups, with an interval closely corresponding to the incubation period of the disease, suggesting that each group was infected from the former. Thus, one barrack furnished its first case on 27th May, the second 14 days later, a third 15 days later, and after another interval of 10 days six cases between 5th and 20th July. Another barrack had its first case on 19th June, two following on 25th and 28th; after an interval of 16 days five cases between 14th and 23rd July, and one more case after another interval of 11 days. A third barrack, commencing on 7th July, had five cases in five days, and 14 days later two more. Both epidemics attacked chiefly (one almost exclusively) the occupants of barracks at one end of the station, close to the incinerator, where faecal matter was continually standing in heaps, mixed with dry refuse to partially dry before it could be put into the incinerator. The water was derived from protected springs, four miles distant from the station. The springs were well away from any apparent source of contamination. The water was however stored in barracks in loosely covered vessels, and dust-storms were of frequent occurrence. May not each of these groups of cases Journ. of Hyg. n 25 have been infected by this means from the evacuations of the former cases, passed during the early stages of the disease, before admission to hospital ? Recently enteric fever was very prevalent in a station with a pipe water-supply derived from protected wells, and in which no possible source of contamination could be found. I failed to find in the water either B. typhosus or any organism indicating sewage contamination. Nor could any connection be traced between the cases and any particular supply of food, dairy produce, or mineral water, nor with any particular place of residence or resort. It was found that the clothes, including kitchen cloths, were being washed at a place very close to the filth trenches, so that dust from the trenches was being blown in clouds over them. I exposed a sterilised cloth to this dust, and from " washings " from this isolated B. coli 1 and a bacillus giving the typical reaction in milk of the B. enteritidis sporogenes.
The following experiments were undertaken with a view of testing how far the bacterial contamination of water by means of dust could be traced.
In order first to ascertain the bacterial constituents of soils which might be expected to be polluted, 1 c.c. of soil was mixed with 100 c.c. of sterile water and this water examined.
Streptococci were searched for on surface agar plates, and suspected colonies sub-cultured in broth.
For the colon group, the water was added to -05 °/o carbolic broth, incubated for 24 hours at 37° C. and then plated on glucose-litmus agar and carbolic agar.
B. enteritidis sporogenes was searched for by the usual reaction in milk.
Water No. 3 was from a filtered pipe-supply, frequently examined bacteriologically and containing about 30 colonies per c.c., none resembling B. coli.
The tank No. 4 was filled by a pump and pipe from a covered well. The water of this well, examined at the same time, contained 185 colonies per c.c. and did not show the presence of B. enteritidis sporogenes.
Cladoihrix and B. mycoides are not commonly found in good waters 2 , 
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Core terms of use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0022172400001790 though T have occasionally found them in small numbers in water from uncovered wells, in which cases also they may have been derived from dust.
These observations indicate that water may be contaminated by various bacteria carried by dust. Since B. typhosus has on several occasions been isolated from the soil, and it having been proved that it can withstand a considerable amount of drying 1 , it can hardly be doubted that the bacillus may be conveyed by dust.
In accounting for the almost universal prevalence of B. typhosus in Indian cantonments the probability of infection from native sources must not be overlooked. There can be little doubt that the disease is much more common among natives than has hitherto been supposed. Thus, Captain G. Lamb, I.M.S., has recently published 2 a series of 11 cases, the diagnosis having been confirmed in 9 by the sedimentation test, in 2 by post-mortem appearances. Other observers 3 have also recorded considerable numbers of cases, in many of which the diagnosis has been similarly confirmed.
The histories of modern campaigns still further confirm these views. All recent British campaigns, with the exception of Ashanti, in which enteric fever was absent, have been in dusty climates, and in all enteric fever has been very prevalent. The conditions of active service add to the facilities for the dispersal by dust and flies of excremental matter, dry methods of disposal being always used. At the Modder River, S. Africa, the soil was " trampled and pulverized by thousands of feet to an impalpable powder. This mixed with excreta was wafted in dense clouds." The men " urinated and defaecated in the neighbourhood of the tents 4 ." No doubt in some cases central water-supplies have been infected, but apparently not in all. In the Spanish-American war at Jacksonville, Lexington, and Knoxville the troops used water from the same source as did the civil population, yet while the troops suffered severely the civil population practically remained exempt 5 . In Egypt, in 1885, certain of the troops supplied with distilled drinking-water suffered severely 6 .
In European towns, too, the decline in enteric fever has been noticed to follow more closely on the substitution of sewers for various dry methods of removal than upon the improvement of water-supplies. In the Leicester epidemic of 1894 one street showed five times as many infected houses among those using the tub-system as among those having water-closets and sewers. At Newcastle cases were twice as numerous in houses with the dry-earth system as in those with waterclosets: and in Birmingham the incidence was one and a half times greater with pails than with water-closets 2 .
I have attempted to show that in combating enteric fever in tropical places it is not sufficient to obtain a water pure at its source, nor even to purify a doubtful water ; but that the chances of its contamination later are as great,-in many cases greater-than at its source. I believe that these possibilities have not received the attention they deserve. What means, then, should be adopted to meet this contingency ?
(1) Avoidance as far as possible of all storage of water near habitations where, from the proximity of dry-earth latrines and filth trenches, it may be polluted.
Boiling, except as a temporary measure, where there is definite reason to suspect contamination of the supply is likely to add to rather than lessen the risk, on account of the storage necessary for cooling. Boiling and cooling can only safely be carried out in a special apparatus, such for instance as the Waterhouse-Forbes, which seems to have proved a success in America.
(2) Latrines and urinals should be situated as far as practicable from kitchens and from stored water. At present it is only too common to see them within 30 or 40 yards of uncovered wells, water tanks and kitchens. They should have impervious floors, from which spillage can be removed by washing, so that it may not contaminate the dust.
(3) All food, feeding utensils and everything used in their preparation (including the washing of cloths, &c.,) should be protected from dust and flies.
(4) It can hardly be expected, however, that these means alone will be enough, and a thorough trial, at some place where enteric fever has for many years been excessive, of water-carriage of sewage, combined with a method of disposal that will avoid dust dissemination seems more than justified. For the carriage of sewage, water-closets and sewers would be the most satisfactory method: though trough closets and removal by pumping into iron tanks on wheels might, for economic reasons, have to be substituted in some cases, it can only be considered as distinctly inferior.
(5) For sewage disposal, one of the bacterial methods, with application of the effluent to land, seems particularly applicable.
Experiments in India have already shown that even with a dilution as low as 3 gallons per head a satisfactory amount of purification can be obtained 1 ; the effluent being non-offensive and non-putrescible. While in England the criterion of the results of these methods is that the effluent shall be sufficiently pure, as measured by chemical standards, to allow it to be discharged into rivers, in India this will seldom be necessary. Irrigation is necessary during a considerable part of the year in almost all parts: this in fact is one of the chief obstacles to the profitable application of crude night-soil to the land. The same degree of purification need not, therefore, be insisted on. A non-putrescible effluent, in which the organic matter has been reduced to constituents which can be readily assimilated by growing plants is all that is required ; and such an effluent has been shown to have considerably greater manurial value than crude sewage. In fact the water of the sewage, which is an obstacle to its disposal in England, would be an advantage in India.
To determine which of the various methods available is best suited to the requirements of Indian cantonments will require careful experiments. A closed septic tank, followed by continuous filtration, in Connection with which I had the opportunity of making some experiments, gave good results, both as regards the condition of the efHuent and the amount of labour required; and there are mauy points in favour of this method.
In combating the disease in armies in the field the principles remain the same, though the means that can be adopted must vary somewhat.
